Background: Tobacco dependence disorder is a chronic relapsing condition, yet treatment is delivered in discrete episodes of care that yield disappointing longterm quit rates.
M
O R E T H A N 75% O F smokers report that they would like to quit, and approximately one-third of smokers attempt to quit each year, but less than 10% successfully achieve long-term abstinence. 1 Current models for tobacco treatment involve discrete episodes of care, usually a combination of behavioral and pharmacologic strategies delivered during 6 to 12 weeks. 2 Unfortunately, most smokers relapse within 3 months of treatment. Longterm abstinence measured 6 to 12 months after a quit attempt and when the individual is no longer receiving medication is consistently lower than at the end of treatment. Consequently, there is interest in whether treatment is discontinued prematurely and whether prolonged treatment might increase long-term abstinence.
The chronic nature of drug dependence, including nicotine, has been compared with other medical disorders, such as diabetes, hypertension, and asthma. 3 In 2000, the US Public Health Service 4 first designated tobacco dependence a chronic disease. Current models of tobacco treatment, 5 however, do not incorporate principles of chronic disease management, such as continuity of care, stepped care improvement (vs extinction) of symptoms, and self-management. Commentaries 6, 7 emphasize the chronic and relapsing nature of tobacco dependence, but there are few empirical tests of specific longitudinal treatment models for this disorder. Studies 8, 9 have tested methods to recycle smokers through treatment, but most pro-tocols simply repeat prior interventions without addressing smoking behavior between quit attempts.
Smokers who relapse after a quit attempt are generally considered "failures." This assessment neglects the fact that some people who resume smoking do so at a reduced level and maintain some smoking reduction long-term. [10] [11] [12] [13] There is controversy regarding the long-term sustainability and health benefits of smoking reduction, 14 but we were interested in whether integration of smoking reduction, as an intermediate goal in a chronic disease management approach, has potential to keep smokers engaged in the quitting process. Smoking reduction might decrease nicotine dependence, 15 increase motivation to quit smoking, 16, 17 and elicit additional cessation attempts. 18 The objective of this randomized controlled trial was to test whether a longitudinal care approach-modeled on principles of chronic disease management-is more effective than a discrete episode of state-of-the-science treatment to promote prolonged smoking abstinence. The trial incorporated interim smoking reduction as an option for smokers who relapsed but emphasized it as a step toward the ultimate goal of quitting smoking completely.
METHODS
The protocol for the Tobacco Longitudinal Care Study was approved by the institutional review board at the University of Minnesota and Department of Veterans Affairs Medical Center, Minneapolis, Minnesota.
DESIGN OVERVIEW
This was a randomized controlled trial to compare long-term smoking cessation outcomes between longitudinal care (LC) and usual care (UC) treatment groups. The LC group received smoking cessation treatment (combined behavioral and pharmacologic therapies) for 1 year. This treatment recommended repeat quit attempts or smoking reduction for those who failed to quit after the initial attempt. The UC group received standard, evidence-based treatment that lasted 8 weeks. The primary outcome was 6 months of prolonged smoking abstinence, measured at 18 months.
SETTING AND PARTICIPANTS
We recruited participants from November 1, 2005, through July 31, 2007, in the Minneapolis-St Paul, Minnesota, region, working in cooperation with officers at regional labor unions. Inclusion criteria were men and women aged 18 to 80 with a history of smoking at least 5 cigarettes per day and interested in making a quit attempt in the next 14 days. Participants were required to have a personal telephone, speak English, and not be pregnant or plan pregnancy in the upcoming year.
RANDOMIZATION
Participants were randomly assigned to 1 of the 2 treatment groups by a computer-generated scheme, blocked in masked groups of 20. The randomization schedule was maintained by personnel independent from the study.
INTERVENTION
There was a counseling, medication, and run-in phase for both treatment groups. The intervention for both groups was conducted by 2 trained tobacco-cessation counselors and delivered by telephone. Each participant had a single counselor for the duration of treatment whenever possible. Calls were audiotaped and stored electronically. To ensure treatment fidelity, a clinical psychologist and a physician led weekly supervision meetings to review a random sample of calls and to discuss counseling and medication issues.
Nicotine patch, gum, and lozenge were available (free, delivered by mail) to the UC group for 8 weeks and to the LC group for 1 year. Nicotine replacement therapy (NRT) choices were modeled on common clinical practice and based on the principles that all participants (1) received medication unless they had a contraindication, (2) tried monotherapy before combination therapy, and (3) chose therapy type on the basis of prior experience, contraindications, intensity of withdrawal symptoms, and participant preference.
For the run-in period, all participants received identical evidence-based cessation treatment, with behavioral and pharmacologic components.
2 Five scheduled calls took place during 4 weeks using a front-loaded, relapse-sensitive schedule shown to be effective in other trials 19 : before quitting, 1 to 3 days after quitting, then at 1 week, 2 weeks, and 4 weeks after quitting. The prequit call lasted 30 to 60 minutes and included designating a quit date, choosing medications, and making mailing arrangements. Call content included problem solving, skills training, social support, medication support, and relapse prevention.
If participants completed at least 3 of the 4 counseling calls planned during the first 2 weeks, they were randomized to the LC or UC protocol at 4 weeks. Treatment assignment was not revealed to the participant or counselor until the 4-week call.
Longitudinal Care
The LC protocol started at the 4-week call and included contingencies for whether participants were abstinent, had relapsed (but to a reduced number of cigarettes), or had resumed the original amount of smoking (Figure 1) . If participants were abstinent, counselors used relapse prevention strategies, including (1) identification of future high-risk situations and skills to handle them; (2) methods to maintain abstinence, such as lifestyle changes; (3) building self-efficacy and social support; and (4) issues of weight and exercise. Calls were made a minimum of monthly during the year.
If participants relapsed, counselors urged them to make a new quit attempt as soon as they were willing. If participants were not interested in making another quit attempt, counselors explained that smoking reduction was an alternative and provided positive reinforcement for this choice as a step toward quitting. Counselors stressed a goal of at least 50% reduction from the baseline amount of cigarettes smoked (and Ͻ15 cigarettes per day), em- phasizing that more reduction was better than less at any level of smoking. Strategies such as delaying smoking, eliminating cigarettes in specific situations, and scheduled reduction were discussed. Counselors aimed to call every 2 weeks, but the schedule was determined by participants' progress and receptivity to the telephone sessions. If participants chose to neither make a quit attempt nor reduce smoking, calls were made monthly and they were asked again if they wanted to set a quit date or to reduce the amount of cigarettes smoked.
In the LC group, medications could be used for repeat quit attempts or to maintain smoking reduction. Participants who continued to smoke could use the same NRT as when they tried to quit, use an alternative form of NRT, increase the dose of NRT, or add another form of NRT to result in combination therapy. Choices between these options were based on past experience, intensity of nicotine withdrawal symptoms, and smoker preference. The NRT recommendations for reducers included 1 piece of 4-mg gum to substitute for 1 cigarette, or a 21-mg patch (for those who smoked Ͼ10 cigarettes per day).
Usual Care
At the end of the 4-week call, counselors explained to UC participants that they had 1 more call at 8 weeks and then treatment would be complete (a total of 6 calls). During the 8-week call, they were advised that if they wanted further treatment, they should contact resources available through their health insurance or in the community.
OUTCOMES AND FOLLOW-UP
Data were collected via telephone by trained research assistants masked to treatment assignment. Participants provided demographic information and completed a smoking history, Perceived Stress Scale, 20 Center for Epidemiologic StudiesDepression Scale, 21 and Alcohol Use Disorders Identification Test-Consumption 22 at baseline. Follow-up data collection points were at 21 days and at 3, 6, 12, and 18 months; participants were paid $25 for each completed visit. Smoking outcomes were assessed using standard questionnaire items 23, 24 and the Timeline Followback procedure. 25 The primary outcome was 6 months of prolonged abstinence, measured 18 months after the initial quit date. Secondary outcomes included 7-day point prevalent abstinence, total duration of abstinence, and smoking reduction. Intensity of treatment was measured by recording the number and duration of telephone sessions and the amount of medication sent to each participant.
STATISTICAL ANALYSIS
The proposed sample size for this trial (220 per group) was based on a hypothesized prolonged abstinence rate of 10% for UC and 20% for LC (power, 80%; ␣ = .05). Summary statistics included means, SDs, medians, and ranges for continuous variables and frequency counts plus percentages for categorical or ordered characteristics. Comparisons between the LC and UC groups were made using the 2-sample t test or Wilcoxon rank sum test for quantitative factors. The Fisher exact test compared the 2 study arms for binary factors, including the unadjusted adherence rates. Prolonged abstinence and 7-day point prevalent abstinence at 18 months were compared between LC and UC groups using a multiple logistic regression that adjusted for patient characteristics and potential risk factors. Goodness of fit and diagnostic tests were applied to each final model. Possible interaction terms between significant covariates were evaluated. All outcome analysis was performed as intentionto-treat where participants who were not reached at follow-up time points were considered to be continuing smokers. To evaluate the change in abstinence over time, a generalized linear mixed-effects model for binary outcome (PROC GLIMMIX; SAS Institute, Cary, North Carolina) was used for prolonged (6, 12 , and 18 months) and 7-day point prevalent abstinence (21 days through 18 months). All statistical analyses were performed using SAS, version 9.2 (SAS Institute). P Ͻ .05 was considered statistically significant.
RESULTS

PARTICIPANTS
Of 584 individuals assessed for eligibility, 443 were randomized (Figure 2) . Eighty-six were excluded for not meeting eligibility criteria, 18 declined to participate, and 37 did not complete the run-in phase (1 died, 7 refused, and 29 did not complete 3 of 4 scheduled calls). Of 222 participants assigned to LC, 220 received the intervention and 203 of 222 (91.4%) were reached for 18-month follow-up. Of 221 assigned to UC, 221 received the intervention and 203 of 221 (91.9%) were reached for 18-month follow-up.
Baseline characteristics of participants are shown in Table 1 . The mean age was 42 years, and 60.2% of the cohort was female. The mean (SD) number of cigarettes per day at baseline was 17.7 (8.2). There were no statistically significant differences in baseline characteristics between treatment groups.
SMOKING CESSATION
At 21 days after the first quit date (before randomization), 7-day point prevalent abstinence was reported by 39.2% in the LC group and 44.8% in the UC group (P=.25). Unadjusted rates of prolonged and 7-day point prevalent smoking abstinence from 21 days through 18 months are graphed in Figure 3 . Abstinence rates were slightly higher in the UC group than in the LC group until 6 months. Subsequently, UC rates stabilized and LC rates continued to increase. At 18 months, 6-month prolonged abstinence was 30.2% in the LC group and 23.5% in the UC group (unadjusted, P = .13). Seven-day point prevalent abstinence followed a similar pattern.
Results of logistic regression to adjust for differences between groups at the time of randomization are shown in Table 2 . The significant predictors of prolonged abstinence at 18 months were LC treatment arm (odds ratio, 1.74; 95% CI, 1.08-2.80; P= .02), quit attempt(s) in the past year (1.75; 1.06-2.89; P=.03), cigarettes per day at baseline (0.95; 0.92-0.99; P=.01), and cigarettes smoked in the past week reported at day 21 (0.23; 0.14-0.38; P Ͻ .001). We observed similar results for 7-day point prevalent abstinence. Repeated-measures analysis confirmed the significant effect of LC for both prolonged and 7-day point prevalent abstinence outcomes after accounting for the interaction between study group and time.
Daily cigarette use was recorded in the Timeline Followback starting from the initial quit date until the last contact. The median percentage of days reporting no cigarette use was 57.1% in the LC group and 30.1% in the UC group (P=.03). Among prolonged abstainers (n=119), the cumulative frequency of quitters in the LC group increased steadily through the 12-month treatment period following the initial quit, but there were only 7 additional quitters in the UC group after 8 weeks (end of treatment). Among participants who did not quit, there was more smoking reduction in the LC than UC group at all time points, but the differences were statistically significant only at 12 months (P =.03) (Figure 4) .
RECEIPT OF TREATMENT
Participants in the LC group made significantly more quit attempts than those in the UC group (mean, 8.7 vs 6.6; P=.009). The mean (SD) number of calls in the LC group was 16.5 (7.3) (range, 4-48), compared with 5.8 (0.6) (range, [3] [4] [5] [6] [7] [8] in the UC group (PϽ.001). The mean (SD) total duration of counseling time in the LC group was 283 (172) minutes (range, 61-1115 minutes), compared with 117 (31) minutes (range, 35-200 minutes) in the UC group (PϽ.001). In the LC group, both behavioral and pharmacologic treatment continued during the year. The mean number of calls in the first, second, third, and fourth quarters of the year was 6.2, 3.1, 2.8, and 2.7, respectively.
Among UC participants, 59.3% used monotherapy (34.4% patch, 14.0% gum, or 10.9% lozenge), compared with 41.4% of LC participants (24.3% patch, 10.4% gum, or 6.8% lozenge) (P Ͻ .001). The most common combination therapies were patch plus gum and patch plus lozenge. More LC participants (13.1%) used patch, gum, and lozenge during the treatment than did UC participants (1.8%). Participants in the LC group received a mean of 4.7 boxes of nicotine patch (range, 0-21 boxes), compared with 2.4 boxes (range, 0-6 boxes) in the UC group (PϽ.001), and received 1.6 boxes of nicotine lozenge (range, 0-46 boxes), compared with 0.6 boxes (range, 0-6 boxes) in the UC group (P=.001). The difference between groups in receipt of nicotine gum followed the same trend, but was not significant. In the LC group, NRT continued to be prescribed during the year: the mean num- a No 2-way interaction terms between the significant covariates had a P Ͻ .10.
b Each category of annual income increased by $10 000 up to $60 000, then by $15 000 up to $75 000, then by $25 000 up to $100 000; the last category is $100 000 or more.
ber of boxes of NRT for each quarter was 2.7, 1.0, 0.9, and 0.8, respectively. No serious adverse events related to treatment were reported.
On average, the cost of counseling per participant was $718 in the LC group compared with $379 in the UC group. Using competitive market prices, the mean cost of NRT per participant in the LC group was $226 compared with $107 in the UC group.
COMMENT
This randomized controlled trial shows that a smoking intervention based on chronic disease management principles of care-targeting the goal of quitting smoking but incorporating failures, setting interim goals, and continuing care until the desired outcome is achieved-is approximately 75% more effective at accomplishing longterm abstinence than delivery of a discrete episode of care for smoking cessation. The intervention lasted 1 year, but quit rates in the LC group continued to rise during the year without reaching a plateau, suggesting that treatment might be even more effective if extended longer.
The chronic disease management model may be more effective by providing more-intensive care and a longterm relationship with a counselor who comes to know and understand an individual, and therefore it may provide better social support than standard care. Incorporating a reduction strategy permitted counselors to provide positive reinforcement for outcomes other than cessation and to avoid framing relapse as a failure. A LC model not only reinforces the notion that cessation may necessitate an ongoing series of quit attempts but also allows counselors to adjust treatment in response to smokers' ongoing experience with quitting. Smokers also receive more NRT, which may improve effectiveness. This intervention strategy differs from studies of extended treatment because it incorporates the probability of interim relapse. It differs from recycling studies because the intervention includes a plan for the period following relapse after a quit attempt, and subsequent quit attempts build on past experience.
Only a small number of published reports describe prolonged behavioral treatment for smoking cessation. A study by Hall et al 26 compared 12-week treatment (control) with a 52-week treatment that included either extended NRT, extended cognitive behavioral treatment, or extended NRT and cognitive behavioral treatment. Extended cognitive behavioral treatment, but not NRT or combination therapy, resulted in a significant increase in 7-day point prevalent abstinence at 2 years (55% vs 36%; P=.01). Ellerbeck and colleagues 27 compared moderate-intensity and highintensity disease management interventions offered every 6 months for 2 years. They found smokers were willing to make repeated pharmacotherapy-assisted quit attempts, leading to progressively more smoking abstinence. Studies have also tested the effect of extending nicotine patch 28, 29 or bupropion 30 treatment as a relapse prevention strategy but without impressive results.
A limitation of the trial we report is difficulty distinguishing the effects of extended behavioral treatment, extended medication treatment, and smoking reduction components of the intervention. Also, results were not biochemically confirmed, but the study population was not at high risk for incorrectly reporting smoking status. 31 Finally, smokers recruited from labor unions may not be representative of the smoking population at large.
In summary, these results demonstrate that a chronic disease model of care for treatment of tobacco dependence is more effective than a discrete episode of care. Unfortunately, when a smoker expresses the desire to stop smoking and tries to quit, the odds are against success. Clinical interventions should acknowledge the likelihood of relapse and incorporate this interim outcome into ongoing work toward the goal of complete abstinence. The efficacy of LC treatment should be tested in the varied settings in which tobacco treatment is delivered, including quitlines. Evidence from this study and others suggest this approach is feasible and that smokers will participate with success. 
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